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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a method for managing recording areas, which is suitable for application for the 
recording and playback of data, such as moving picture data, that needs to be recorded or read out at high speed in a 
prescribed cycle, and more particularly to a method for managing fragmented areas, a method for processing error 
recovery, and a storage apparatus using these methods. 

Fragmented area management methods employed in a conventionai storage apparatus will be described first, 

in a recording apparatus for reading and writing data on a recording medium, such as a magnetic disk or an optical 
disk, with a read/write head moving relative to the recording medium, there occurs a time interval during which 
read/write operations cannot be performed, for example, when the read/write head is being moved for positioning or 
when the read/write head is waiting for the desired data to rotate beneath it 

One example of the conventional magnetic disk apparatus will be described with reference to FIG. 23. which is a " 
schematic plan view showing a magnetic disk. etc. in the conventional magnetic disk apparatus. 

In FIG. 23, the magnetic disk 182 is a magnetic recording medium on which data are recorded as magnetizations. 
Ahead 188 converts an electrical signal into a magnetic field, or a magnetic field into an electrical signal, to record data 
on tire magnetic disk 182 or to read data on the magnetic disk 182. An arm 187 supports the head 188 thereon and 
moves it across the surface of the magnetic disk 182. Tracks 183 are concentric circles into which the surface of the 
magnetic disk 182 is divided, each track 183 serving as a unit of storage area. Each track 183 is divided into sectors 
184 of equal size which also serve as storage area units, each sector 184 being the smallest access unit of the mag- 
netic disk 182. 

The tracks 183 are labelled with track numbers starting from the innermost or outermost track, while the sectors 
184 within each track 1 83 are assigned sector numbers, Any storage area on the magnetic disk can therefore be iden- 
tified by the track number and sector number, such as "sector 5" on "track 2". In the magnetic disk apparatus, data can 
be accessed on a sector-by-sector basis, which means that when a file consists of a plurality of sectors, all the sectors 
constituting the file are not necessarily contained within one track or stored sequentially in contiguous tracks. In an 
extreme case, there can occur a file consisting of a sector located in the outermost track and a sector located in the 
innermost track. 

To read data recorded on the magnetic disk 182 having the above-mentioned configuration, first the head 188 
moves to the track containing the sector where the desired data is recorded. Next, tire head 1 88 waits for the specified 
sector to be brought beneath the head 188 by the rotation of the magnetic disk 182, mid then reads out the data 
recorded on that sector. At this time, if She next data to read is iocaied in an adjacent sector, the data can be read con- 
tinuously without moving the head 188 and without a rotational delay. In contrast, if the data stored are scattered over 
non-contiguous sectors or fragmented, the three-step process consisting of moving the head 1 88, waiting for disk rota- 
tion, and reading out data must be repeated for each sector. Accordingly, when reading data in non-contiguous sectors, 
the time required to move the head 188 and the rotational delay add to the data non-readable time, as compared when 
reading data in contiguous sectors. 

On the other hand, when recording a sequence of dala on the magnetic disk 182, the data are recorded by finding 
empty sectors contiguous to each older or available in ascending order of track and sector numbers. As recording and 
erasing operations are repeated on the magnetic disk 182, the empiy areas become fragmented into smaller areas: 
when data are recorded in such fragmented areas, ihe read/write speed of the storage apparatus slows, degrading the 
overall performance of the storage apparatus. 

With regard to this problem, a number of methods for managing recording areas have been proposed that are 
aimed at preventing disk read/write speed from stowing down even if recording and erasing operations are repeated, 
and thus ensuring full performance of the storage apparatus. 

In one such method, areas constituting files and empty areas are managed using a plurality of continuous areas, 
/and one example of this method is disclosed in the gazette of the Japanese unexamined patent application, (TOKKAI) 
Hei 1-236488. The recording area management method disclosed in the gazette of the Japanese unexamined patent 
application, (TOKKAI) Hei 1 -236488, is applicable for a storage apparatus that uses a rewritable optical disk. According 
to the storage apparatus of this prior art, to record a file in a single continuous area, each continuous area is managed 
using its start and end positions or its length, and based on the size of the file io be recorded, a search is made for an 
empty area long enough to record the file; it is claimed that this simplifies the area management and achieves high- 
speed read/write operations. 

Furthermore, an example of a storage apparatus that ensures storing each file in contiguous empty areas is dis- 
closed in the gazette of the Japanese unexamined patent application, (TOKKAI) Hei 7-200369. In the storage apparatus 
of this prior art, file reallocation is performed in which any file located after an empty area is moved forward to fill the 
empty area, thereby moving the empty area rearward. According to the storage apparatus disclosed in the gazette of 
toe Japanese unexamined patent application, (TOKKAI) Hei 7-200369, it is claimed that, by evaluating the time required 
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for the tile reallocation and the size of the resulting contiguous empty areas, effective file reallocation is achieved to 
secure contiguous empty areas. 

The conventional storage apparatus disclosed in the gazette of the Japanese unexamined patent application, 
(TOKKA!) Hei 1-236488, which is designed to record data by searching empty area management information for an 
5 empty area long enough to record the data, has had the problems that it requires a search time before starting the 
recording, and also that the method cannot be applied unless the size of the file to be recorded is known in advance. 

Further, the conventional storage apparatus disclosed in the gazette of the Japanese unexamined patent applica- 
tion, (TOKKA1) Hei 7-200369, which is designed to secure contiguous empty areas by performing file reallocation, has 
had the problem that the time required to evaluate the efficiency of reallocation and to reallocate the files increases as 
v> the magnetic disk capacity increases. 

Next, error recovery processing methods employed in the conventional storage apparatus will be described. 

Storage apparatus capable of random accessing, such as magnetic disk and optical disk apparatus, have built-in 
error recovery functions in order to improve recording or readout reliability. Such error recovery functions include, for 
example, a retry process in which a record or read operation is refried on an area where an error has occurred, and a 
is reassignment process in which a logical block address previously assigned to an error area is reassigned to another 
area and data on this is registered in a defective area table to inhibit the use of the error area. 

These error recovery processes, however, have had the problem that they are not suitable for real-time processing 
since the processing for error recovery takes long time compared to read/write operations, and in the case of the retry 
process, the completion time of the processing cannot be estimated because the same process is repeated. 
so One example of the conventional magnetic disk recording apparatus will be described with reference to FIG. 24. 
F!G. 24 is a plan view showing in schematic form the configuration of the conventional magnetic disk ; here, the parts 
identical in configuration and function to those shown in FIG. 23 are designated by the same numerals. 

In FIG. 24, the recording surface of the magnetic disk 1 82 as a magnetic recording medium is divided into concen- 
tric circles, thus forming a plurality of tracks 183 as storage area units. Each track 183 consists of a plurality of sectors 
ss 184 each of which is the smallest access unit The head 188 records data on the magnetic disk 182, or reads out data 
on the magnetic disk 182. The arm 187 has the function of s importing the head 188 thereon and moving it across the 
surface of the magnetic disk 1 82, 

Each sector 1 84 is assigned a logical block address 1 85 which is a logical area number. An alternate secior 186 is 
a sector used in place of the sector 1 84 in ihe event of a failure of the latter. Since each sector 1 84 has the logical block 
30 address 1 85 as a logical area number, any storage area on the magnetic disk 182 can be identified by the logical block 
address 185. 

To read data recorded on the magnetic disk 1 82 having the above-mentioned configuration, first it is determined to 
which sector on which track the sector 1 84 holding the data specified by the logical block address 1 85 corresponds. 

Next, the head 188 is moved to the track 183 containing the thus determined sector. The head 188 moved to the 
as specified track 1 83 waits until the specified sector 1 84 is brought beneath the head 1 88 by the rotation of the magnetic 
disk 1 82, and then reads out the desired data. 

When recording data also, the head 188 is moved to the empty sector 184 specified by the logical block address 
185, as in the above-mentioned read operation, and records the data on that sector. 

If an error occurs when recording or reading at the iogicat block address 1 85, the recording or reading operation is 
40 retried after slightly shifting the position of the head 188. This refry operation is repeated a prescribed number of times 

until props- recording or reading is done. 

If recording cannot be done on the specified sector 184 after repeating the refry operation, a reassignment opera- 
tion is performed by first reassigning the logical block address 185 originally assigned to the error sector 184 to the 
alternate sector 1 86 and then performing a record operation on the alternate track 1 86. In the read operation, if the data 
45 can be read out after repeating She retry operation the prescribed number of times, a reassignment operation is per- 
formed by first copying the data held in the sector 1 84 to the alternate sector 1 86 and then reassigning the logical block 
address 1 85 originally assigned to the error sector 1 84 to the alternate sector 1 86. 

, In the above-mentioned error recovery process, not only a rotational delay occurs while waiting for the head 188 to 
arrive at the position ol the specified sector, but also the head 1 88 is being moved back and forth. The error recovery 
so thus takes time for processing compared to a normal operation, rendering the method unsuitable for an apparatus that 
requires high-speed processing such as real-time processing. 

To overcome the above-mentioned problem, there has been proposed a storage apparatus which is disclosed in 
the gazette of the Japanese unexamined patent application, (TOKKA1) Hei 7-1 1 1035. The storage apparatus disdosed 
in this publication is constructed in such a manner that a single recording area is divided into areas for recording data 
ss that requires high reliability and areas for recording data that requires high processing speed rather than reliability, and 
the error recovery processing method is switched between different modes according to the type of recording area, 

it is proposed that this conventional storage apparatus be used as an apparatus for continuously recording large 
volumes of data such as video signals, by switching the record/playback operations between a mode that gives priority 
to data reliability and a mode that omits error recovery operations and gives priority to high-speed processing, accord- 
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ing to the position and attribute of the recording areas, for example, management areas and data areas. 

However, in the conventional storage apparatus {Hei 7-111035), since the configuration involves dividing the 
recording area and changing error processing modes for each recording area, the mode of record/playback operation 
is selected based on the position and attribute of each recording area, without regard to the presen) load of the record- 
5 ing/playback apparatus. As a result, when the load of the record/playback operation varies, the mode of record/playback 
operation is always selected by assuming the heaviest load condition. This has presented a problem in that error recov- 
ery is not performed even when the load is light and error recovery can be performed. 

The entire disclosure of the Japanese Patent Applications No. Hei 1-236488, Hei 7-200369 and Hei 7-111035 
induding specification, claims, drawings and summary are incorporated herein by reference in its entirety, 

BRIEF SUMMARY OF THE INVENTION 

To overcome the above-mentioned problems associated with the fragmented area management methods 
employed in the conventional storage apparatus, it is an object of the present invention to provide a storage apparatus 
15 that eliminates the need for reallocation of files and searching for empty areas,' and that can reduce the time interval 
during which data reading or writing cannot be done because of the head movement and toe waiting time for disk rota- 
tion. It is also an object of toe present invention to provide a recording area management method and an error recovery 
processing method for use with the storage apparatus. 

To achieve the above-mentioned objects, the present invention provides a recording area management method for 
so managing a file list which is used to identify a file consisting of a series of data dusters, a data area list which is a list 
of position information of a plurality of areas holding toe data clusters constituting toe file, a first empty area list which 
is a list of position information of empiy areas where no data are stored, and a second emply area list which is a list of 
position information of empty areas not included in the first empty area list The recording area management method 
comprising: 

25 

an area length comparing step in which toe length of an empty area in the first empty area list or the second empty 
area list is compared with a predetermined minimum area length; and 

a registration step in which toe empty area is registered in the first empty area list or the second empty area list in 
accordance with the result of comparing toe length of toe empty area with the minimum area length in the area 
30 length comparing step. 

In this way. according to the recording area management method of toe present invention, empty areas of long area 
length and empty areas of short area lenglh are used selectively according to the speed required for data reading or 
writing, and contiguous empty areas are classified according to their lengths and registered in different empty area lists 
35 for management, thus making rt possible to record data requiring high-speed reading or writing in empty areas of long 
area length and data not requiring high-speed reading or writing in empty areas of short area length, and consequently 
achieving high-speed read/write operations. 

The present invention also provides an error recovery processing method comprising the steps of: 

to accumulating a plurality of record requests or read requests; 

recording data on or reading data from a recording medium in accordance with the accumulated record or read 
requests; 

In toe event of a data read error or record error, estimating a remaining time available for error processing from the 
time required to execute the accumulated record or read requests; and 
45 selecting an error processing method according to the estimated remaining time from among a plurality of error 
processing methods requiring different lengths of time for error processing, and carrying out the selected error 
processing method. 

According 1o toe error recovery processing method of the present invention, after accumulating a plurality of record 
so requests or read requests, data is read from or recorded on a recording medium in accordance with the accumulated 
requests, aid if an error occurs in data reading or recording, toe remaining time available for error processing is esti- 
mated from toe time required to execute the accumulated requests, and an error processing melhod is selected accord- 
ing to the estimated remaining time from a plurality of error processing methods requiring different lengths of time for 
processing, thereby carrying out necessary error processing without fail in a record/readout process. In this way, 
55 according to the error recovery processing method of the present invention, a highly reliable defective area manage- 
ment method can be provided. 

The present invention also provides a storage apparatus in which the error recovery processing method is carried 
out, comprising: 
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request accumulating means for accumulating a plurality of record or read requests; 

recording/reading means for recording data on or reading data from a recording medium in accordance with the 
record requests or read requests accumulated in the request accumulating means; 

remaining time estimating means for estimating a remaining time available for error processing from the lime 
required to execute the record or read requests accumulated in the request accumulating means; and 
error processing carrying out means capable of selectively carrying out an error processing method according to 
Ihe remaining time estimated in the remaining time estimating means from among a plurality of error processing 
methods requiring different lengths of time to process a read error or record error occurring in the recording/reading 
means. 

In this way, since error recovery processing is performed by considering not only the position and attribute of a 
recording area but also the remaining time estimated from the record requests or read requests and available for error 
processing, the storage apparatus of the present invention has features combining high reliability with high-speed 
processing capability. 

While the novel features of Ihe invention are set forth particularly in the appended claims, the invention, both as to 
organization and content, will be better understood and appreciated, along with other objects and features thereof, from 
the following detailed description taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

FIG. 1 is a block diagram showing a storage apparatus according to a first embodiment of the present invention; 
FIG. 2 is a diagram for explaining an example of management information according to the first embodiment; 

FIG. 3 is a flow chart illustrating a file deletion process (low according to the first embodiment; 

FIG. 4 is a schematic diagram showing a data storage allocation according to the first embodiment; 

FIG. 5 is a schematic diagram showing a data storage allocation according to the first embodiment: 

FIG, 6 is a flow chart illustrating a process flow for calculating a minimum area length according to the first embod- 
iment; 

FIG. 7 is a flow chart illustrating a file storage process flow according to the first embodiment; 

FIG. 8 is a schematic diagram showing a data storage allocation according to the first embodiment; 

FIG, 9 is a flow chart illustrating a file deletion process flow according to a second embodiment of the present inven- 
tion; 

FIG. 10 is a schematic diagram showing a data storage allocation according to the second embodiment; 

FIG. 1 1 is a schematic diagram showing a data storage allocation according to the second embodiment; 

FIG. 12 is a schematic diagram showing a data storage allocation according to the second embodiment; 

FIG. 13 is a block diagram showing in schematic form the configuration of a television receiver using a storage 
apparatus according to a third embodiment of the present invention; 

FIG. 14 is a block diagram showing in schematic form the configuration of the storage apparatus according to the 
third embodiment; 

FIG. 15 is a diagram for explaining one example of a command queue according to the third embodiment; 

FIG, 16 is a flow chart illustrating a record/readout process flow according to tire third embodiment: 

FIG. 17 is a flow chart illustrating a record/readout process flow according to a fourth embodiment of the present 
invention; 

FIG. 18 is a diagram for explaining one example of a command queue according to the fourth embodiment; 

FIG. 19 is a block diagram showing in schematic form the configuration of a storage apparatus according to a fifth 
embodiment of tire present invention; 

FiG. 20 is a diagram showing one example of a temporary defective area table according to the fifth embodiment; 
FIG, 21 is a flow chart illustrating a reassignment process flow according to the fifth embodiment; 

FIG. 22 is a flow chart illustrating a temporary defective area check process flow according to the fifth embodiment; 
FIG. 23 is the diagram for explaining the configuration of the magnetic disk in the conventional magnetic disk appa- 
ratus; and 

FIG, 24 is the diagram for explaining the conf iguration of the magnetic disk in the conventional magnetic disk appa- 
ratus. 

DETAILED DESCRIPTION OF THE INVENTION 

The preferred embodiments of the storage apparatus of the present invention wall be described below with refer- 
ence to the accompanying drawings. 
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((Embodiment 1 )> 

FIG. 1 is a block diagram showing a video recording apparatus as a storage apparatus implementing a recording 
area management method according to a first embodiment. 

s As shown in FIG. 1, the video recording apparatus of the first embodiment comprises a central processing unit t. 
a program storage apparatus 2, a magnetic disk apparatus 4, an input apparatus 5. and an output apparatus 6. The 
magnetic disk apparatus 4 is connected to the central processing unit 1 , input apparatus 5, output apparatus 6, etc. via 
an interface 3. A video signal 12 is input to Ihe input apparatus 5 where the input video signal 12 is quantized. The out- 
put apparatus 6 converts the quantized video signal into the video signal 12 for output, in FIG. 1 , reference numeral 7 
io indicates a bus for transferring signals from Ihe centra! processing unit 1, and reference numeral 8 designates a dedi- 
cated bus for transferring the quantized video signal between the magnetic disk apparatus 4, the input apparatus 5, and 
the output apparatus 6. [23] 

The magnetic disk apparatus 4 holds a disk characteristic list 9, management information 1 0, and data files 1 1 . The 
disk diaracteristic list 9 holds various characteristic values of the magnetic disk apparatus, such as maximum number 
15 of sectors, maximum value of head seek time, waiting time per revolution, data read/write access time, etc. The man- 
agement information 10 is used to manage data storage allocations within the magnetic disk apparatus, and consists 
of a file list, a data area list, a first empty area list, a second empty area list etc. The disk characteristic list 9 is stored 
in a nonvolatile memory within the magnetic disk apparatus, while the management information 1 0 and the data files 1 1 
are stored on a mag netic disk. 

20 The various apparatus constituting the video recording apparatus of the first embodiment are controlled by the cen- 
tral processing unit 1 using programs stored in toe program storage apparatus 2, and toe recording and playback oper- 
ations of the video signal 12 and management of recording areas are thus performed. 

Next, a signal flow will be described that occurs when recording the video signal 12 on toe magnetic disk apparatus 
4. 

25 The video signal 12 is quantized in the input apparatus 5 continuously without any breaks. The quantized video sig- 
nal is transferred on toe dedicated bus 8, fed into toe magnetic disk apparatus 4 via toe interface 3, and recorded in a 
datafile 11. 

Conversely, when playing back toe video signal 12, toe datafile 1 1 stored in the magnetic disk apparatus 4 is read 
out. The readout data file 1 1 is transferred on toe dedicated bus 8 and fed into toe output apparatus 6 via toe interface 
30 3, The output apparatus 6 converts it into toe video signal 1 2 for output 

Next, the management information 10 used to manage data storage allocations within toe magnetic disk apparatus 
4 will be described with reference to FiG. 2. FIG. 2 is a diagram for explaining by way of example the structures of the 
file list 13 and the data area list 14 in the management information 10. 

in the file list 13, file name 15 is a file identifier for identifying a file, and toe field indicated by reference numeral 16 
as carries the location of ihe starting area among the plurality of areas constituting the file. The fi eld indicated by reference 
numeral 17 carries the number ol areas constituting toe file. The file list 13 holds file information on all individual files 
stored in the magnetic disk apparatus 4. The file information, as mentioned above, consists oftoefile name 15, theloca- 
tion of toe starting area 16 among the areas constituting each file, and toe number of areas 17. 

The data area list 1 4 holds data area information consisting of a head address aid an end address for each of the 
40 areas constituting each individual file recorded in toe magnetic disk apparatus 4. in the example shown in FIG. 2, file 1 
consists of two areas, that is, the first and second areas in the data area list 14, the first area being the starting area. 
File 2 consists only of one area, that is, the third area in toe data area list 1 4, the third area thus being the starting area. 
The first area in toe data area list 14 is specified by the head address 1 and end address 1 . Likewise, the second area 
in toe data area list 1 4 is specified by toe head address 2 and end address 2, and toe third area in the data area list 1 4 
as is specified by the head address 3 and end address 3. 

Though not shown in the figure, toe first empty area list and toe second empty area list in the management infor- 
mation 10 have toe same structure as toe data area list 14, and each holds a plurality of empty area information sec- 
tions each consisting of a head address and an end address of an empty area. 

Next the recording area management method of ihe first embodiment using the above-mentioned management 
so information 1 0 will be described with reference to FIGs. 3 to 5. 

FIG. 3 is a flow chart illustrating a file deletion process flow according to toe first embodiment. FIGs, 4 and 5 are 
schematic diagrams showing data storage allocations on toe magnetic disk before and after the file deletion process, 
tn FIGs. 4 and 5, reference numeral 66 indicates the file list, 67 the data area list, 68 the first empty area list, and 69 toe 
second empty area list. In the file list 66, reference numerals 51 to 54 indicate file information stored in the file list 66. 
55 (n toe data area list 67, reference numerals 56 to 60 indicate data area information stored in the data area list 67. .Ref- 
erence numerals 63 and 64 in the first empty area list 68 indicate empty area information stored in toe first empty area 
list 68, and reference numeral 65 in the second empty area list 69 indicates empty area information stored in the second 
empty area list 69. 

The operation of the file deletion process according to the first embodiment will be described below with reference 
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to FIQs. 3, 4, and 5, 

With the data storage allocation on the magnetic disk as shown in FIG. 4, when a command is issued to delete File 
3, the file deletion process shown in FIG. 3 is invoked. 

In process step 21 in FIG. 3. information on the location ol the starting area and tine number of areas of File 3 is 
s retrieved from the iile information 53 labelled with the file name File 3 in the file list 66. 

Next, since the location of the starting area of File 3 shown in FIG. 4 is "4\ in process step 22 in FIG. 3 the head 
address and end address are retrieved from the fourth data area information 59 in the data area list 67. 

In decision step 23 in FIG. 3, the length of the area is computed from the end address and head address, and then 
compared with a minimum area length. The minimum area length here is a reference length used to distinguish each 
io area by its length and switch the processing mode in order to secure an effective transfer rate considering access time. 
If the minimum area length is 500, for example, the length of the area to be deleted, which is 1000, is longer than the 
minimum area length. Accordingly, in process step 25, the head address and end address are entered as they are into 
the first empty area list 68. The first empty area list 68 now holds the empty area information 63 and 64. as shown in 
FIG. 5. 

is Further, in process step 26 in FIG. 3. the fourth data area information 59 is deleted from the data area list 67. after 
which the fifth data area information is moved forward to fill foe empty space created by the deletion; the result is the 
data area list 67 shown in FIG. 5. 

Next in decision step 27, 1 is subtracted from Ihe number of areas of File 3 to compute the number of areas 
remaining to be processed, and the result is substituted for foe number of areas of Fite 3, based on which a decision is 
so made as to whether there remains any area yet to be processed. If there is an area remaining to be processed, foe 
process returns to process step 22, and the process from process step 22 through decision step 27 is repeated. In the 
illustrated example, the number of areas of File 3 is 1, and therefore, 1 minus 1 is 0, leaving no areas remaining to be 
processed. As a resuft, in process step 28. the file information 53 (FIG. 4) for File 3 is deleted, and the iile information 
54 for File 4 is moved forward to fill the space, as shown in the 1 ile list 66 in FIG. 5. Then, the starting area location of 
ss each file is updated to match the updated data area list 67, as shown in FIG. 5, upon which the deletion process for File 
3 is terminated. 

Next, foe method of minimum area length calculation used in the above-mentioned deletion process will be 
described with reference to FIG. 6. 

FIG. 6 is a flow chart illustrating foe process for minimum area length calculation. When an instruction is issued to 
ao calculate the minimum area length at the time of initializing a magnetic disk, the minimum area length calculation proc- 
ess shown in FIG. 6 is invoked. 

In process step 1 8, the maximum value of access time and the data write or read speed are acquired from the disk 
characteristic list 9 of foe magnetic disk apparatus 4. Using foe acquired information, the minimum area length is cal- 
culated in process step 1 9, and the calculated minimum area length is recorded in foe disk characteristic list 9 in proc- 
35 ess step 20. 

The minimum area length calculation process in process step 19 is invoked at the time of initializing foe magnetic 
disk, and the obtained value is recorded in foe disk characteristic list 9. Thereafter, foe minimum area length recorded 
in foe disk characteristic list 9 is referenced. 

The equation used in foe calculation process in process step 19 will be explained below. The minimum area length 
■to here is obtained as a minimum value of data amount L that satisfies foe following equation (1); 

LA/s a T+LA/d (i). 

In equation (1), Vs is the signal processing speed at which the video signal 12 input to foe input apparatus 5 (FIG. 
4S 1 } is quantized, or the signal processing speed at which the quantized video signal is converted by foe output apparatus 
6 into the video signal 12, Vd is the data write or read speed of foe magnetic disk apparatus 4, and T is the maximum 
value of the access time of the magnetic disk apparatus 4, which is the sum of foe time required for the head to move 
from foe outermost track to foe innermost track and foe time required to wait for one complete revolution of foe disk. 

In equation (1 ). the time shown on foe left-hand side, which is required for the input apparatus 5 or foe output appa- 
so ratus 6 to process data of data amount L, that is, foe maximum time that can be spent for the transfer of the data of data 
amount L from foe input apparatus 5 to the magnetic disk apparatus 4 or from the magnetic disk apparatus 4 to the out- 
put apparatus 6, has been used as the maximum processing time used for the calculation of the minimum area length, 
The right-hand side shows the sum of foe maximum value of foe access time required for foe head of foe magnetic disk 
apparatus 4 to move to the target area and wait for the disk revolution and the time required to write or read foe data of 
ss data amount L Accordingly, when data is recorded in contiguous areas having a totat length equal to or greater than 
the minimum area length represented by foe minimum value ot data amount L that satisfies foe above-mentioned equa- 
tion (1), or when contiguous empty areas having a total length equal to or greater than foe minimum area length are 
available, the read or write time of foe magnetic disk apparatus 4 is always inside of the maximum processing time, so 
thal there cannot occur the situation where foe data input/output of the magnetic disk apparatus 4 cannot catch up with 
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the signal processing at the input apparatus 5 or output apparatus 6. 

Since the data write or read speed Vd of the magnetic disk apparatus 4 and the time T required for the head to 
move from the outermost track to the innermost track are values inherent in the magnetic disk apparatus 4, these values 
are measured in advance and recorded in a specific area on the magnetic disk. Accordingly, if the magnetic disk appa- 
5 ratus is replaced by a new one, the minimum area length matched to the new magnetic disk apparatus can be set by 
using the values stored in the new magnetic disk apparatus. 

The method of measuring the maximum value of access time and the data write or read speed in me first embodi- 
ment wiil be described next. 

first, a description will be given of how the maximum value of access time is measured. 
io To begin with, the head is moved to a specific area on the magnetic disk, for example, to the sector with a logical 
block address 0 which is one of the numbers assigned to the individual sectors on the magnetic disk, and mat position 
is set as the origin. 

Next, a command is issued to move the head from me origin to another sector, and me process waits urrti! an oper- 
ation completion notification is received. The time Of me command issuance and the time of me reception of the oper- 
15 ation completion notification are acquired, and the access time is determined from the difference between these times. 
Measurements are made by repeating me above-mentioned operation with respect 1o all sectors other than the sector 
at the origin, and toe maximum value of the access time is thus determined. 

Next, a description will be given of how the data write or read speed is measured. 

first, the head is moved to the track where a measurement is to be made. Next, a command is issued to write or 
so read a prescribed amount ot data, for example, data of one sector, and the processing time is measured. This operation 
is repeated several times, and the average is taken to compute an average processing time. Since this average 
processing time includes the rotational delay time, an average rotational delay time, i.e., the lime required for the disk 
to make a half revolution, is subtracted from the average processing time, thereby obtaining the time required to write 
or read the data. Then, the write or read speed is computed from the amount ot data written or read out, The operation 
S5 up to this point is performed on each track, and the slowest speed is obtained. This speed is determined as the data 
write or read speed. 

Next, the operation of a file storage process according to the first embodiment will be described with reference to 
FIG. 7. FIG. 7 is a flow chart illustrating the flow of the file storage process according to toe first embodiment 

With the data storage allocation on the magnetic disk as previously shown in FIG. 5, when a dala store command 
30 is issued with atile identifier of File 5, toe data storage process shown in FIG. 7 is invoked. 

In decision step 33 in FIG. 7, a decision is made as So whether the data to be stored as file 5 is data that should 
be stored in an empty area of short area length registered in the second empty area list 69. It toe data is the one that 
should be stored in an empty area registered in toe second empty area list 69, then a decision is made in decision step 
35 as to whether there is an empty area registered in the second empty area list 69. H it is decided in this decision step 
35 35 that there is an empty area registered, the data is stored in that empty area. On toe other hand, if there is no empty 
area registered, the branch to decision step 34 is followed. 

On the oth er hand, if it is decided in decision step 33 that toe data to be stored is not data that should be stored in 
an empty area of short area length registered in toe second empty area list 69, which means that toe data is data that 
should be stored in an empty area of long area length registered in the first empty area list 68, then in decision step 34 
io it is examined whether there is an empty area registered in the first empty area list 68. 

For example, if it is assumed that the data to be stored as File 5 is the one that should be stored in the first empty 
area list 68, and that the length is 3000. then the process proceeds from decision step 33 to decision step 34 where it 
is examined whether there is an empty area registered in the first empty area list 68. If toe result shows that there is an 
empty area registered in toe first enpty area list 68, the process proceeds to process step 36. 

4S In process step 36, the head address and end address of toe enpty area are acquired from the empty area infor- 
mation 63 at the head of toe first empty area iist 68, and in process step 38, the data to be stored is stored in sequence 
starting from the head address of the empty area. Since the empty area length of toe empty area information 63 is 1 000, 
,as shown in FIG. 5, the empty area of the enpty area information 63 is used up when toe data is stored up to the length 
of 1000, and the storing operation is suspended with data of a length of 2000 remaining to be stored. 
so tn process step 40 in FIG. 7. the head address and end address of toe area where toe data has been stored are 
registered as data area information 61 in the data area list 67. In process step 42, since toe empty area of the empty 
area information 63 has al! been used for data storage, toe empty area information 63 is deleted from the first empty 
area list 68. 

Next, in decision step 44, a decision is made as to whether there is data remaining to be stored, in toe illustrated 
55 example, since there remans data of a length of 2000 yet to be stored, the process returns to decision step 34 to repeat 
the above-mentioned data storing operation. In process step 36, the head address (10000) and end address (100000) 
are acquired from the empty area information 64 in the first empty area list 68, In process step 38, the remaining data 
to be stored is stored in the area whose head address is 10000. 

In process step 40, the head address 10000 and end address 12000 are registered as the data area information 
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62 in the data area list 67. Then, in process step 42, the head address of the empty area information 64 in foe first empty 
area list 68 is changed to 12001. In decision step 44, a decision is made as to whether there is data remaining to be 
stored, in the illustrated example, since there is no data remaining to be stored, in process step 47 file information 55 
(Rle 5) is registered in the file list 66, upon which the file storage process is terminated. The resulting data storage allo- 
5 cation is shown in FIG. 8. 

As mentioned above, in the storage apparatus of the first embodiment, the length of an empty area is compared in 
area length comparing means with the minimum area length, and in accordance with the result of the comparison, the 
empty area is registered in foe first empty area list or foe second empty area list. The first embodiment thus provides 
the effect that empty areas of long area length and empty areas of short area length can be used selectively according 
io to the speed required for data writing or reading. 

Furthermore, in the storage apparatus of the first embodiment, the minimum storage area length is obtained as a 
minimum data amount for which the sum of the maximum value of the time required to access an empty area or storage 
area and the time required to write data to or read data from the storage area is equal to or smaller than the maximum 
processing time required to process the data. The first embodiment therefore provides the effect that optimum minimum 
is area length can be set for different recording media having different access times and different read/write limes. 

Further, the maximum value of the lime required to access a storage area and the time required to write data to or 
read data from the storage area are measured and stored in advance, with the effect that optimum minimum area length 
can be set automatically when the recording medium is replaced by a different recording medium having a different 
read/write time. 

so The first embodiment has been described by dealing with a case where an entire file is deleted or stored, but it will 
be appreciated that foe deletion and storage operations can also be performed in like manner when deleting a portion 
of a file or adding a portion of a file to another existing fife. Further, a head address and an end address are used to 
specify an area in foe data area list, first empty area list and second empty area list, but it will be noted that such areas 
can also be specified by a head address and area length. 

25 Furthermore, the first embodiment has been described using a magnetic disk apparatus as an example, but it will 
be recognized that the configuration of the first embodiment is applicable to any storage apparatus that performs read- 
ing and writing with a read/write head moving relative to a recording medium. 

In the first embodiment, it has been described that the data write or read speed is measured by writing or reading 
data of one secior, but the data amount is not limited to one sector but can be set to any suitable number of sectors. 

30 Furthermore, when measuring foe access time, instead of setting the origin at foe position of foe sector of logical 
block address 0, as mentioned above, the origin may be set at any other position as long as the position can be used 
to measure the maximum value of the access time. 

Moreover, the first embodiment has been described as having a configuration where the disk characteristic list is 
stored in a nonvolatile memory, but instead, the disk characteristic list may be stored on a recording medium as long as 
35 it can be written and read out externally. 

({Embodiment 2)) 

Next, a second embodiment of foe storage apparatus of the present invention will be described with reference to 
40 the accompanying drawings. The storage apparatus of the second embodiment differs from the first embodiment only 
in the file deletion process, and the other processes are the same between them. Accordingly, the fife deletion process 
will be described hereinafter. 

FIG. 9 is a flow chart illustrating the flow of the file deletion process according to foe second embodiment of the 
present invention. FIGs. 1 0, 1 1 , and 12 are schematic diagrams for explaining data storage allocations on the magnetic 
45 disk during foe file deletion process. 

In FIGs. 1 0. 1 1 , and 1 2, foe file list 66, the data area list 67, the first empty area list 68, and foe second empty area 
list 69, as well as the information in each list, are the same as those used in the description of the first embodiment, and 
, therefore, their descriptions will not be repeated here. In foe second embodiment, as in the first embodiment, it is 
assumed foat foe minimum area length is 500. 

so With the data storage allocation on the magnetic disk as shown in FIG. 10, when a command is issued to delete 
File 2. the location of the starting area and the number of areas of Fife 2 are retrieved in process step 21 (FIG. 9) from 
the file information 52 for Rle 2 carried in the file list 66. 

Since the location of foe starting area of Rte 2 in foe file list 66 is “2", as shown in FIG. 10, in process step 22 foe 
head address and end address are acquired from foe second data area information 57 in the data area list 67. The area 
55 defined by the head address and end address of this data area information 57 is designated as the area to be deleted. 

In decision step 29 in FIG. 9, the thus acquired head address and end address of the area to be deleted are com- 
pared with foe head address and end address of each empty area registered in foe second empty area list 69. to deter- 
mine whether an area contiguous to the area to be deleted is registered in foe second empty area list 69. In the state 
shown in FIG. 10, the area to be deleted is from 2001 to 3000 of the data area information 57, whereas the empty area 
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registered in the second empty area list 69 is irom 5801 to 6000. Since, in the second empty area list 69, there are no 
areas contiguous to the area to be deleted, the process proceeds to decision step 31, 

In decision step 31. an operation similar to that in the preceding decision step 29 is performed, to determine 
whether an area contiguous to the area to be deleted is registered in the first empty area list 68. Since an empty area 
5 from 300 1 to 4000 is registered as empty area information 63 in th e first empty area list 68, in process step 32 the empty 
area is combined with the area to be deleted, and the combined area 2001 to 4000 is nowdesignated as the area to be 
deleted. Then, the empty area information 63 is deleted from the first empty area list 68. Since the new area to be 
deleted is created by combining with the empty area registered in the first empty area list 68, it is clear that its length is 
longer than the minimum area length 500. Accordingly, decision step 23 is skipped, and in process step 25, the new 
io area to be deleted is registered as empty area information 63 in the first empty area fist 68 by sorting the registered 
information by head address. 

In process step 26, the data area information 57 is deleted from the data area list 67, and the resulting vacant space 
is filled by moving the data area information 58, 60 forward. Af the end of this step, the data storage allocation on the 
magnetic disk is as shown in the schematic diagram of FIG, 11, 

15 Next, in decision step 27, 1 is subtracted from the number of areas of File 2, and 1 remains, which indicates that 
there is an area remaining to be deleted. Accordingly, the process returns to process step 22 to repeat the above-men- 
tioned deletion operation. Information on the next area to be deleted is retrieved from the second data area information 
58 (head address: 4001, end address: 5800) in the data area list 67 shown in FIG. 11. 

In decision step 29, the second empty area list 69 is checked to determine whether there fe any empty area contig- 
20 uous to the area to be deleted. Since the empty area (head address: 5801 , end address: 6000) registered in the empty 
area information 65 is contiguous to the area to be deleted (head address: 4001 , end address: 5800), in process step 
30 the empty area is combined with the area to be deleted, and the combined area from400l to 6000 is now designated 
as tiie area to be deleted. Then, the empty area information 65 is deleted from the second empty area list 69. If there 
is any empty area information down the list after the empty area information 65, such empty area information is moved 
25 forward to till the newly created vacant space: however, in the illustrated example, since there is no such empty area 
registered in the second empty area list 69. the operation to fill the vacant space is not performed. 

Further, in decision step 31, the first empty area list 68 is checked to determine whether there is any empty area 
contiguous to the area to be deleted. In the illustrated example, since the empty area (head address: 2001, end 
address: 4000) registered in the empty area information 63 is contiguous to the area to be deleted (head address: 4001 , 
30 end address: 6000), in process step 32 the empty area is combined with the area to be deleted, and the combined area 
from 2001 to 6000 is now designated as the area to be deleted. Then, the empty area information 63 is deleted from 
the first empty area list 68. Since the new area to be deleted is created by combining with the empty area registered in 
the first empty area list 68, it is clear that its length is longer than the minimum area length 500. Accordingly, decision 
step 23 is skipped, and in process step 25. the new area to be deleted is registered as empty area information 63 in the 
35 first empty area list 68 . 

In process step 26, the data area information 58 is deleted from the data area list 67, and the data area information 
60 is moved forward to til! the vacant space. 

In decision step 27, 1 is subtracted from the number of areas of Rle 2, and 0 remains, which indicates that there 
are no longer any areas remaining to be deleted. Accordingly, in process step 28, the file information 52 of File 2 is 
40 deleted, and the file information 54 is moved forward to fill the vacant space. The starting area location ot File 4 is 
updated to match the updated data area list: the resulting data storage allocation is shown in FIG. 12. 

The file storage process is the same in operation as that described in the foregoing first embodiment, and therefore, 
will not be described here. 

As mentioned above, in the second embodiment, it is determined whether or not an area contiguous to an empty 
45 area is located within the empty areas registered in the first empty area list or the second empty area list. If an empty 
area contiguous to it is located, the empty area is combined with the empty area contiguous to it, to create a new con- 
tinuous empty area, and the length of the new continuous empty area is compared with the minimum area length, in 
accordance with the result of which the empty area is registered in the first empty area list or the second empty area 
list The storage apparatus of the second embodiment thus has the effect of achieving efficient utilization of empty 
so areas, eliminating the possibility of contiguous areas being broken up into smaller pieces and managed as empty areas. 

As in the first embodiment, the storage apparatus ot ihe second embodiment also has been described by dealing 
with a case where an entire file is deleted or stored, but it will be appreciated that the same effect can be achieved when 
deleting a portion of a file or adding a portion of a file to another existing file. Further, in the second embodiment, a head 
address and an end address are used to specify an area in the data area list, first empty area list, and second empty 
55 area list, but it will be noted that such areas may be specified by a head address and area length. Furthermore, the.sec- 
ond embodiment has been described using a magnetic disk as an example, but it will be recognized that the configura- 
tion of the second embodiment is applicable to any storage apparatus that performs reading and writing with a 
read/write head moving relative to a recording medium. 
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< (Embodiment 3 ) ) 

A third embodiment of the storage apparatus of the present invention will be described below with reference to rel- 
evant drawings. 

5 FIG. 13 is a block diagram showing essentia! portions of a television receiver using the storage apparatus of the 
third embodiment. 

In FIG. 13, an analog-digital video signal converter 101a converts an analog video signal, input from a tuner not 
shown or input via a video input terminal 190, into a digital video signal. An analog-digital audio signal converter 101b 
converts an analog audio signal, input from the tuner or input via an audio input terminal 191, into a digital audio signal. 
io A video signal processing circuit 2 processes the digital video signal, while an audio signal processing circuit 1 03 proc- 
esses the digital audio signal. 

A digital-analog video signal converter 104a converts the digital video signal into an analog video signal, and a dig- 
ital-analog audio signal converter 104b converts the digital audio signal into an analog audio signal. A video output cir- 
cuit 105 generates and outputs a signal far displaying an image on a CRT 107. An audio output circuit 106 generates 
is and outputs a signal for producing sound from a speaker 108. A record/playback circuit 109 is a circuit for recording the 
digital video and audio signals on a magnetic disk apparatus 110, and for reading the digital video and audio signals 
from the magnetic disk apparatus 110. 

The operation of the thus configured television receiver according to file third embodiment will be described below. 

The analog video signal input via file video input terminal 1 90 and the analog audio signal input via the audio input 
20 terminal 191 are converted by the analog-digital video signal converter 101a and the analog-digital audio signal con- 
verter 101b into a digital video signal and a digital audio signal, respectively, and the converted signals are respectively 
supplied to file video signal processing circuit 102 and the audio signal processing circuit 103. 

The video signal processing circuit 102 first separates the digital video signal into a luminance signal and color-dif- 
ference signals, and then switches the destination of the luminance signal and color-difference signals between the 
25 record/playback circuit 109 and the digital-analog video signal converter 1 04a. The video signal processing circuit 1 02 
also has the function of directing the luminance signal and color-difference agnate, supplied from the record/playback 
circuit 109, to the digital-analog video signal converter 104a. 

The audio signal processing circuit 103 switches the destination of the digital audio signal between the record/play- 
back circuit 109 and the digital-analog audio signal converter 104b. The audio signal processing circuit 103 also has the 
3 o function oi directing the audio signal, supplied from the record/playback circuit 109, to the digital -analog audio signal 
converter 104b. 

The digital-analog video signal converter 104a converts the digital luminance signal and color-difference signals 
into analog signals, which are supplied to the video output circuit 1 05 to reproduce an image on the CRT 1 07. The dig- 
ital-analog audio signal converter 104b converts the digital audio signal to an analog signal, which is supplied to the 
3S audio output circuit 1 06 to reproduce sound from the speaker 1 08. 

The record/playback circuit 109 records file luminance signal and coior-difference signals, supplied from the video 
signal processing circuit 102, and the audio signal, supplied from the audio signal processing circuit 103, as data onto 
file magnetic disk apparatus 110. The record/playback circuit 109 also has the function of reading the data recorded on 
the magnetic disk apparatus 1 10, and supplying the luminance signal and color-difference signals to the video signal 
40 processing circuit 1 02 and the audio signal to the audio signal processing circuit 1 03. 

With the above-mentioned operation, a television receiver is realized that can record and play back video and audio 
on the magnetic disk apparatus 1 10. 

Next, the operation of the magnetic disk apparatus 110 as the storage apparatus used with the television receiver 
according to the third embodiment of the present invention, wilt be described in detail with reference to FIGs. 14, 15, 
45 and 16. 

FIG. 14 is a block diagram showing in schematic form the configuration of the storage apparatus according to file 
third embodiment. In FIG. 14, a command queue 111, using an area within a RAM, temporarily stores and holds a com- 
, mand supplied via an external command interface until the command is executed. A remaining time estimator 112 esti- 
mates a remaining time from the time required to execute the commands stored in the command queue 1 1 1 and a 
so predetermined limit time, A defective area table 1 1 3 stores position data of nonusable areas by using an area within a 
nonvolatile RAM, A data buffer 1 1 4 is a temporary data storage area using a portion of a RAM, and allowing data trans- 
fer to and from an external data interface. A record/readout unit 115 transfers data to or from the data buffer 1 14 in 
accordance with the command from the command queue 111, and reads out ex records data on the magnetic disk 
apparatus 110. An error processing method selection unit 116 selects an error processing method based on the 
ss remaining time estimated by the remaining time estimator 1 12 when an error occurs in the record/readout unit 115. An 
error processing unit 117 performs error processing in accordance with the method selected by the error processing 
method selection unit 116. 

The external command interface and the external data interface are both connected to the record/playback circuit 
109, and are used to receive commands from the record/playback circuit 109 and to input and output data. 
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FIG. 15 is a diagram showing a specific example of the structure of the command queue 111, wherein reference 
numerals 137, 1 38, and 1 39 indicate specific commands. As shown in FIG. 15, the command queue 1 1 1 consists of 
symbols "read" and "write" designating the operation to be performed, the iogical block address of the first sector to be 
processed, and the number of sectors to be processed. 

£ FIG. 16 is a flow chart illustrating the flow of a record/readout process according to the third embodiment. 

The retry process and reassignment process to be carried out in the flow chart shown in FIG, 16 will be described. 

The retry process is a method of finding conditions that enable data recording or reading by repeating a record 
request or a read request while changing physical conditions. Assuming that the maximum number of retries is set to 
10, for example, the first and second retry operations are performed using the same operating conditions as the initial 
jo conditions, then the third retry operation is performed by shifting the head inward from a reference position by an 
amount equa! to 1 0% of track spacing. Further, toe fourth retry operation is performed by shifting the head outward from 
the reference position by an amount equal to 10% of track spacing, toe fifth refry operation is performed by shifting the 
head inward from the reference position by an amount equal to 15% of track spacing, and the sixth refry operation is 
performed by shifting the head outward from the reference position by an amount equal to 15% of track spacing. The ■ 
15 seventh retry operation is performed by increasing bias current to the head by one step from a reference value, and the 
eighth retry operation is performed by reducing bias current to the head by one step from toe reference value. The ninth 
and tenth refry operations are performed by moving the head back to toe initial conditions. In this way, in toe retry proc- 
ess in toe third embodiment record or read operations are performed by changing the head position and circuit param- 
eters in accordance with a predetermined procedure for each refry operation. 
so The reassignment process will be described next 

A sector as a storage area unit of a magnetic disk is assigned two numbers: a logical block address which is a log- 
ical area number that an external control unit uses, and a physical address which is used within the magnetic disk appa- 
ratus 110, and which indicates the physical position on the magnetic disk by specifying a particular magnetic disk 
among toe magnetic disks mounted, the side of the magnetic disk, the track number as counted from the outermost 
SB track, and the sector number within that track. In the magnetic disk apparatus 110, the logical block address specified 
by an external device is translated into a physical address by using a iogical block address to physical address transla- 
tion table contained in toe magnetic disk apparatus 110, and based on the physical address, the head is moved to toe 
sector where data is to be recorded or read out. 

The reassignment process uses toe above-mentioned head moving process, and translates toe logical block 
so address originally assigned to an error area into toe physical address of a sector reserved for use as an alternate sector. 
With this reassignment process, an alteration is made to the translation table so that the logical block address is reas- 
signed to an error-free sector. By performing toe reassignment process in this way, toe external control unit can access 
without having to be aware of the logical block address at which an error occurred. 

The record/readout process will be described below with reference to FIG. 16, focusing particularly on the error 
3$ processing selection operation. 

When a command to record or read data on toe magnetic disk is issued to the storage apparatus of the third 
embodiment, the contents of the command are temporarily stored in toe command queue 1 1 1, as shown in FIG. 14. 
The record/readout unit 1 15 acquires toe information of toe command stored in toe command queue 1 1 1, for example, 
the information of the command 137 (FIG. 15), to initiate the record or read operation. 

40 In the record/readout process of FIG. 1 6, toe record or read operation is performed in process slep 1 18, and a deci- 
sion is made in decision slep 119 as to whether an error has occurred or not. If it is decided in decision step 1 19 that 
no error has occurred, the record/readout process is terminated. 

If it is decided in decision step 1 19 Ihat an error has occurred, error processing is initiated; first, in process step 1 20, 
the time required to execute the commands currently stored in the command queue 1 1 1 , for example, the commands 
45 137, 138, 139, and 140, is estimated, thereby computing the remaining time t during which reading or writing is not per- 

formed. 

Here, an explanation will be given of the method of computing the remaining time t in process step 120 when the 
^commands stored in the command queue 1 1 1 are executed. 

The remaining time t Is computed by toe following equation (2). Here, the execution time of each command is 
so approximated by toe proportional expression of toe amount ot data to be recorded or read out. in equation (2), U is the 
amount of record or readout data specified by each command stored in toe command queue 1 1 1 , V is the amount of 
signal recorded or read out in unit time by toe record/readout unit 115, and T is toe predetermined limit time: 

t = T-(£U)/V (2). 

55 

In this equation, £ indicates the summation of all the commands stored in the command queue 1 1 1 . For example, 
consider the case where four commands. 137, 138, 139, and 140, are stored in toe command queue 111. When toe 
sector size is 512 bytes, the amount of signal. V, recorded or read out in unit time is 4,000,000 bytes/second, and toe 
limit time T is 200 milliseconds, then the remaining time t is calculated as follows: 
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t= 0.2- (100 x 512) x 4/4,000,000 (3) 

= 0.2-0.0512 (sec.) w 

= 0.1488 (sec.) 

s Reluming now to the flow chart of FIG. 16, the error processing in the record/readout process will be described. 

Indecision step 121, the remaining time tthus estimated is compared with the error processing timeT2 required to 
carry out an error processing method that takes the longest processing time. If the remaining time t is shorter than the 
longest error processing time T2, then in decision step 121 the remaining time t is compared with She error processing 
time T1 required to carry out an error processing method that takes the second longest processing time. If the remain- 
io ing time t is shorter than the second longest error processing time T1 , it is then determined that there is not enough time 
left for error processing, and the process proceeds to process step 127 to notify the higher-level control unit that the 
record or read operation has not been completed normally, upon which the process flow is terminated. On the other 
hard, if the remaining time t is equal to or longer than the error processing time T1, the process proceeds to process 
step 123 where a record or readout retry operation is performed as error processing. 
is The result of the retry operation is checked in decision step 124, and if there are no errors, the process flow is ter- 
minated. If an error is detected in decision step 124, the number of retries is counted in process step 125; then, in deci- 
sion step 126, it is determined whether or not the number of retries thus counted has exceeded a predetermined 
maximum retry count, if it is determined in decision step 126 that the present number of retries has yet to exceed the 
maximum retry count, the process returns to process step 123 to repeat the retry operation. On the other hand, if it is 
20 determined in decision step 126 that the present number of retries has exceeded the maximum retry count, then it is 
determined that the error recovery has failed, and toe process proceeds to process step 127 to notify toe higher-level 
control unit of an error occurrence, upon which toe process flow is terminated. 

On the other hand, if it is determined in decision step 121 that the remaining time t is equal to or longer than toe 
error processing time T2, first in process step 128 a record or readout retry operation is performed as error processing. 
zs The result of toe retry operation is checked in decisi on step 1 29. If an error is detected in decision step 129, the number 
of relries is counted in process step 1 30; then, in decision step 1 3 1 . it is determined whether or not the number of retries 
thus counted has exceeded the predetermined maximum retry count. 

if it is determined in decision step 131 that the present number of retries has yet to exceed toe maximum retry 
count, toe process returns to process step 128 to repeat toe retry operation. On the other hand, if it is determined in 
30 decision step 131 that toe present number of retries has exceeded toe maximum retry count, then in step 132 it is deter- 
mined whether the commanded operation is a record operation or a read operation. If the commanded operation is a 
read operation, it is determined that the reading is impossible, and toe higher-levei control unit is notified accordingly. If 
the commanded operation is a record operation, toe process proceeds to process step 133 where a reassignmenl oper- 
ation is performed to reassign the logical block address of the error sector to another sector. 

35 In decision step 134, it is determined if there has occurred an error in the reassignmenl operation performed in 
process step 133; if an error is detected, process step 133 is repeated, but if no errors, toe process flow is terminated. 

If, in decision step 1 29, it is determined that there are no errors, then in decision step 1 35 it is determined whether 
toe commanded operation is a record operation or a read operation, If it is determined in decision step 1 35 that the com- 
manded operation is a record operation, the process flow is terminated. On toe other hand, if toe commanded operation 
40 is a read operation, then in decision step 136 it is determined whether or not the number of retries has exceeded a pre- 
determined reference retry count. If toe present number of retries has yet to exceed toe reference retry count, the proc- 
ess flow is terminated without further processing. If toe present number ol retries has exceeded the reference retry 
count, a reassignment operation is performed in process step 133 to prevent the data from becoming unreirievable in 
case toe sector is rendered unreadable in future. The process flow after this reassignment operation is the same as that 
45 of toe record operation earlier mentioned. 

An explanation will now be given of the values of the error processing times Tt and T2 used in the decision steps 
121 and 122 in toe error processing flow shown in FIG. 16. 

' The conditions used in toe error processing are as follows : toe time required for one retry of a command i s 10 mil- 

liseconds, the time required for the reassignment operation is 50 milliseconds, and the maximum number of relries 
so before toe refry operation is aborted is set to 10. 

The error processing time T1 serves as a criterion for determining whether only a retry operation is to be performed 
as error processing or nothing is to be performed. Accordingly, toe error processing time T1 is the time required to 
repeal toe retry operation toe maximum number of times, and is given as follows: 

55 Tl = (Retry time) x 10 (4). 

= 10 msec, x 10 
= 100 msec. 

The error processing time T2 serves as a criterion for determining whether a retry operation and a reassignmenl 
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operation are to be performed as error processing. The error processing time T2 required to perform the retry operation 
and reassignment operation is given as follows: 



T2 = (Retry time) x 10 + (Reassignment execution time) (5). 

= 10 msec, x 10 + 50 msec. 

= 150 msec. 



In the case previously shown in FtG. 15 where the four commands 137, 138, 139, and 140 are stored in the com- 
mand queue, the remaining time t was calculated as 148.8 milliseconds as shown in equation (3). In this case, there- 
in fore, an error processing method that performs only a retry operation is selected. 

In this way, by selecting the appropriate error processing method according to the remaining time t representing the 
difference between the time required to execute the commands and the limit time, the time required for error processing 
in the event of an error occurrence can be limited, thus reducing the delay caused in the record/readout process by the 
error processing. 

is The third embodiment has been described by taking an example in which the retry operation and reassignment 
operation are used as the error processing methods and three choices, 'no error processing", "retry operation only", 
and "retry operation and reassignment operation", are presented for selection. The present invention, however, is not 
limited to the error processing methods and the number of choices shown in the third embodiment, but it will be appre- 
ciated that foe same effect as achieved by the third embodiment can be obtained as long as provisions are made to 
so select an appropriate error process! ng method according to the remaining time t. 

In the third embodiment, the command queue has been described as having the structure consisting of the com- 
mand operation, the logical block address of the first sector, and the number of sectors, but the command queue in the 
storage apparatus of the present invention is not limited to the structure illustrated in the third embodiment; rather, the 
command queue can be configured in any suitable structure as long as it represents the contents of processing. 

25 Further, in the present invention, the calculation method for the remaining time t is not limited to the equation used 
in the description of the third embodiment, but any other method that can estimate the difference between the limit time 
and the command execution time may be used. 

In the third embodiment, the defective area table has been implemented using a portion of a nonvolatile RAM, but 
instead, the defective area table may be recorded on a disk, for example; that is, any storage device that can retain data 
so when power is cut off may be used. 

Furthermore, the third embodiment has been described using a magnetic disk apparatus as an example of the stor- 
age apparatus, but the present invention is applicable for any storage apparatus capable of random accessing, includ- 
ing, for example, a magneto-optical disk storage apparatus. 

35 ((Embodiment 4)) 

Next, a fourth embodiment of the storage apparatus of the present invention will be described with reference to the 
accompanying drawings. 

FIG. 17 is a flow chart illustrating an error processing flow in a record/readout process according to the storage 
ao apparatus of the fourth embodiment, FfG. 18 is a diagram showing an example of a command queue structure accord- 
ing to the fourth embodiment. 

In the command queue structure shown in FfG. 18. commands 146, 147, 148, and 149 are specific examples of 
commands, each command consisting of a symbol designating a "read" or "write” operation, the logical block address 
of the first sector to be processed, the number of sectors to be processed, and an error processing level. 
as In the flow chart of FIG. 1 7, as inlhe foregoing third embodiment, when a command to record or read data is issued 
to the storage apparatus of the fourth embodiment, ihe record/readout process is invoked, and in process step 1 1 8, the 
data record or read operation is performed. In decision step 1 1 9, it is determined whether or not an error has occurred, 
and if no errors, the record/readoul process is terminated. On the other hand, if there is an error, error processing is 
initiated; firsl. in process step 141, the lime required to execute the commands currently stored in the command queue 
so ill, for example, the commands 146, 147, 148, and 149, Is estimated, thereby computing the remaining time t during 
which reading or writing is not performed. 

Here, an explanation will be given of the method of estimating the remaining time t in process step 141 when the 
commands stored in the command queue 11 1 are executed. 

When Li is the amount of record or readout data specified by each command stored in the command queue 111, 
55 V is the amount of signal recorded or read out in unit time by the record/readout unit 1 15, Tmi is the time required for 
tiie head to move between ihe areas to be recorded or read by the commands, and T is the predetermined limit time, 
then the remaining time t is computed by the following equation (6): 

t = T-(ELi)/V-ETmi (6). 
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In equaiion (6), L indicates the summation of all the commands stored in the command queue 111. For example, 
consider the case where four commands, 146, 147, 148, and 149, are stored in the command queue 111. When the 
sector size is 512 bytes, the amount of signal, V, recorded or read out in unit time is 4,000,000 bytes/second, the head 
moving time Tmi is 15 milliseconds regardless of the area position, and the limit time T is 200 milliseconds, then the 
remaining time t is calculated as follows: 

t = 0.2 -(100x512) X4/4.000, 000-0.015x4 17) 

= 0.2-0.0512-0.06 
= 0.0888 (sec.) 



Returning now to the flow chart of FtG. 17, the error processing in the record/readout process will be described. 

In decision step 142, the error processing subsequently performed is selected based on the value of the error 
processing level assigned to the issued command. 

If the error processing level of the command is 1 , the retry operation and reassignment operation from process step 
1 28 through decision step 1 36 are carried out. The processing of the retry operation and reassignment operation from 
process step 1 28 through decision step I36isthesameasthe processing from process step 1 28 through decision step 
136 shown in FIG. 16 in the foregoing third embodiment, and the description thereof will not be repeated here. 

If the error processing level of the command is 2, then in decision step 143 the estimated remaining time t is com- 
pared with the time T2 required to carry out an error processing method that takes the longest time for error processing. 
If the remaining time t is equal to or longer than the error processing time T2, the retry operation and reassignment 
operation from process step 128 through decision step 136 are carried out. On the other hand, if the remaining time t 
is shorter than the error processing time T2, only the retry operation from process step 123 through decision step 127 
is carried out The processing of the retry operation from process step 123 through decision step 127 is the same as 
the corresponding processing in the foregoing third embodiment, and the description thereof wilt not be repeated here. 

If the error processing level of the command is 3, then in decision step 144 the estimated remaining time t is com- 
pared with the time T2 required to carry out an error processing method that takes the longest processing time, if the 
remaining time t is equal to or longer than the error processing time T2, the retry operation and reassignment operation 
from process step 128 through decision step 136 are carried out. On the other hand, H ihe remaning time t is shorter 
than the error processing time T2, then in decision step 145 the estimated remaining time t is compared with the time 
T1 required to carry out an error processing method that takes the second longest processing time, if the remaining 
time t is shorter than the time T1, the process proceeds to process step 127 to notify the higher-level control unit that 
the record or read operation has not been completed normally, upon which the process flow is terminated. 

if, in step 145, the remaining time t is equal to or longer than the error processing time T1 , only the retry operation 
from process step 1 23 through decision step 127 is carried out. 

As mentioned above, a necessary error processing level is preassigned to each command, and if there is not 
enough remaining time t available for error processing, error processing corresponding to the preassigned error 
processing level is carried out. if there is enough remaining time t, error processing that requires a longer processing 
time is carried out; in this way, the performance and processing speed requirements which differ depending on data 
attributes can be addressed appropriately. Moreover, when there is enough time available for error processing, it is pos- 
sible to dynamically switch to a higher error processing levef that takes a longer processing time but can provide higher 
reliability than the preassigned error processing ievei. 

In this way. according to the error recovery processing method in Ihe fourth embodiment, a plurality of error 
processing methods are provided from among which, by considering Ihe operation prespecified for each record request 
or read request, all or part of the plurality of error processing methods are selected and carried out according to the esti- 
mated remaining time; this assures minimum reliability required of the data to be recorded or read out, and contributes 
to further enhancing reliability within a range that does not cause a delay in the processing of the record or read 
request 

{(Embodiment 5>> 

Next, a fifth embodiment of the storage apparatus of the present invention will be described with reference to FIGs 
19 to 22. 

FIG. 19 is a block diagram showing in schematic form the configuration of the storage apparatus according to the 
fifth embodiment in which an error recovery processing method is used. 

in FIG. 19, a command queue 150 temporarily stores a command supplied via an external command interface. A 
remaining time estimator 151 estimates a remaining time from the time required to execute the commands stored in the 
command queue 150 and a predetermined limit time. A data buffer 152 has the function of temporarily storing data in 
order to allow data transfer to and from an external data interface. A recotd/readout unit 1 53 reads or records data on 
a recording medium in accordance with the command from the command queue 150. Adefective area table 1 55 stores 
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position data of nonusable areas. 

A temporary defective area table 157 temporarily stores data associated with an area where an error has occurred 
during recording or reading. A reassignment processing unit 156, when an error has occurred in the record/readout unit 
153, transfers data recorded or to be recorded in the error area to another area for recording therein, and registers the 
s error area in the temporary defective area table 157. A temporary defective area check unit 154 carries out a check, if 
the remaining time estimated by the remaining time estimator 1 51 provides enough time to check whether the area reg- 
istered in the temporary defective area table 157 is a nonusable area or not if it is determined by the temporary defec- 
tive area check unit 154 that the area is a nonusable area, then the data associated with that area is recorded in the 
defective area table 1 55; if ft is determined that the area is usable, the data associated with that area is deleted from 
to the temporary defective area table 1 57. 

The operation of the storage apparatus shown in FIG. 19 will be described below. 

The command stored in the command queue ISO is read out by the record/readout unit 153, and if the command 
thus read out is a record command, the data held in the data buffer 152 is recorded on the disk. On the other hand, if 
the command stored in the command queue 150 is a read command, data is read out flam the disk and stored in the ■ 
is data butter 152. If an error has occurred during recording or reading, the record/readout unit 153 immediately activates 
the reassignment processing unit 156 to initiate reassignment processing. 

The reassignment processing unit 156 records data associated with the error sector in the temporary defective 
area table 157, performs a reassignment operation to allow data to be recorded on an alternate sector, and then 
instructs the record/readout unit 1 53 to continue the processing of the command. When ihe processing of the command 
so is completed, th e record/readout unit 1 53 activates the temporary defective area check unit 1 54. The temporary defec- 
tive area check unit 154 acquires toe remaining time estimated by the remaining time estimator 151, and determines 
whether toe remaining time provides enough time to perform a temporary defective area check. After this determina- 
tion. toe sector registered in toe temporary defective area table 157 is checked to determine whether it is a nonusable 
sector or not. St toe sector is nonusable, then toe sector is registered in toe defective area table 155. On the other hand, 
2S if the sector registered in toe temporary defective area table I57isusable, the sector data reassigned to the alternate 
area is copied to toe sector that has been judged to be usable, and toe logical block address is reassigned once again. 

FIG. 20 is a diagram showing an example of toe structure of the terrporary defective area table 157. In FIG. 20, 
data 1 61 is an example showing an area where an error has occurred, and consists of the logical block address already 
assigned at toe time of error occurrence and toe physical address designating its physical position on toe disk. In toe 
30 fifth embodiment, toe structure of the temporary defective area table 1 57 is described as consisting of the logical block 
address and physical address, but it will be noted that toe present invention is not limited to these specific addresses. 
Rather, in the present invention, any structure may be employed as long as it contains data that can identify toe position 
of the area aid data that can identify the logical position applicable before the reassignment, and ihe present invention 
is, under any circumstances, not limited to the structure of the fifth embodiment. 

35 FIG. 21 is a flow chart illustrating toe reassignment process flow used in toe error recovery processing method 
according to the fifth embodiment The reassignment process flow in the fifth embodiment will be described below with 
reference to FIG. 21, 

When an error occurs in the record/readout unit 153 (FIG. 19), toe reassignment process is invoked, and in process 
step 158, the logical block address and physical address of the sector where toe error is detected are recorded in the 
40 temporary defective area table 157. After toe logical block address and physical address have been recorded in the 
temporary defective area table 157, in process step 1 59 toe logical block address originally assigned to the error sector 
is reassigned to an unused alternate sector previously reserved as an area for reassignment. 

In process step 160, data is recorded on toe alternate sector with the new logical block address. 

In decision step 161 , it is determined whether an error has occurred in the recording on toe alternate sector; if no 
45 errors, toe reassignment process is terminated. If an error is detected, then the number of retries for recording is 
counted in process step 162. Next, if, in decision step 163, toe present number of retries is smaller than a predeter- 
mined maximum retry count, toe recording operation is carried out once again. If the present number of retries has 
, exceeded the maximum retry count, the process returns to process step 158. and reassignment is carried out to 
another alternate sector. 

so Next, toe flow of toe temporary defective area check process in toe fifth embodiment will be described in detail with 
reference to FIG. 22. FIG. 22 is a flow chart illustrating toe flow of toe temporary defective area check process used in 
the error recovery processing method according to the fifth embodiment. 

When the temporary defective area check process is invoked, the temporary defective area table 157 (FIG. 19) is 
checked in decision slep 1 64 to see whether toe data associated with the area where the error is detected is recorded 
55 or not if the data associated with toe error area is not recorded in the temporary defective area table 157, the temporary 
detective area check process is terminated. On the other hand, if toe data associated with toe error area is recorded in 
toe temporary defective area table 1 57. then in process step 1 65 the time required Jo process toe commands stored in 
the command queue 150 is estimated, based on which toe remaining time t during which recording or reading is not 
performed is computed. 
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tn decision step 166, the thus computed remaining time t is compared with the time T required for checking, if the 
remaining time t is shorter than the check time T, it is determined that there is not enough time to carry out the tempo- 
rary defective area check process, and the temporary defective area check process is terminated. If the remaining time 
t is equal to or longer than the check time T. then in process step 1 67 the data associated with the error area, for exam- 
s pie, the data 161 shown in FIG. 20. is acquired from the temporary defective area table 157. 

In process step 1 68, test data is recorded in the error area acquired from the temporary defective area table 1 57, 
for example, at physical address 010040021. In decision step 169, it is checked whether an error has occurred in the 
test data, if no error is detected in the test data, the recorded data is read out in process step 170. After confirming in 
decision step 171 that no error has occurred in reading, the recorded test data is compared in process step 172 with 
io the readout test data. 

In decision step 1 73, it is determined whether the recorded test data matches the readout test data. If they match, 
the reassignment is cancelled in process step 174, and the data that has been recorded on an alternate sector 
assigned the logical block address 5000, for example, is copied to (he physical address 010040021. Then, after assign- 
ing the logical block address 5000 to the physical address 010040021, the data recorded on the alternate sector is 
15 deleted from the temporary defective area table 1 57 in process step 1 75, and the process returns to decision step 1 64. 
If, in decision step 173, the recorded test data does not match the readout test data, the data associated with the 
error area is recorded in the defective area table 155 in process step 178, and the process proceeds to process step 
175. 

If, in decision step 169, an error is detected in the test data, the number of retries is counted in process step 179. 
so In decision step 180, it is determined whether or not the present couni has exceeded the predetermined maximum retry 
count. If the present count has yet to exceed the maximum retry count, the process returns to process step 1 68 to per- 
form test data recording. I! the present count has exceeded the maximum retry count, teen in process step 1 78 the data 
associated with the error area is recorded in the defective area table 155. 

If, in decision step 1 7 1 , an error is detected in reading, tee number of retries is counted in process step 1 76, In ded- 
S5 sion step 1 77, it is determined whether or not the predetermined maximum retry count is exceeded; if not exceeded, 
the process returns to process step 170 to read the test data, if it is determined in decision step 177 that the present 
count has exceeded tee maximum retry count, then in process step 178 tee data associated with the error area is 
recorded in the defective area table 155. 

In this way, according to the error recovery processing method in the fifth embodiment, an area where an error has 
30 occurred is temporarily registered as a defective area in the temporary defective area table for reassignment process- 
ing. thus allowing the record/readout process to continue. This serves to reduce tee error processing time while main- 
taining reliability. 

Furthermore, according to the error recovery processing meteod in tee fifth embodiment, the area registered in the 
temporary defective area table is checked to determine whether the area has failed in recording or reading for some 
35 reason related to tee area itself or because of a temporary factor such as a displacement in head position or timing 
when recording or reading was performed. This serves to prevent detective areas from increasing in number because 
of such temporary factors. 

Further, according to the error recovery processing meteod in the fifth embodiment, the time required to process 
the commands stored in the command queue is estimated, and when the remaining time t computed based on the esti- 
40 maled processing time is longer than the time required for checking, a check is performed on the area registered in tee 
temporary defective area table. Accordingly, the storage apparatus equipped with tee error recovery processing method 
of the fifth embodiment has an error processing function capable of reducing the delay caused in the record/readout 
process by the checking operation, thereby allowing realtime operation. 

Although the present invention has been described in terms of the presently preferred embodiments, it is to be 
45 understood teat such disclosure is not to be interpreted as limiting. Various alterations and modifications will no doubt 
become apparent to those skilled in tee art to which the present invention pertains, after having read the above-men- 
tioned disclosure. Accordingly, it is intended teat the appended claims be interpreted as covering all alterations and 
i modifications as fall within the true spirit and scope of the invention. 

so Claims 

1. A recording area management meteod for managing a file list (66) which is used to identify a tile consisting of a 
series of data clusters, a data area list (67) which is a list of position information of a plurality of areas holding said 
data clusters constituting said file, a first empty area list (68) which is a list of position information of empty areas 
55 where no data are stored, and a second empty area list (69) which is a list of position information of empty areas 
not included in said first empty area list, said recording area management meteod comprising: 

an area length comparing step in which the length of an empty area in said first empty area list (68) or said 
second empty area list (69) is compared with a predetermined minimum area length; and 
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a registration step in which said empty area is registered in said first empty area list (68) or said second empty 
area fist (69) in accordance with the result of comparing the length of said empty area with said minimum area 
length in said area length comparing step. (FIG. 3) 

5 2. A recording area management method according to claim 1. wherein when a recording area as an empty area or 

an area constituting a file satisfies the relation that the sum of a maximum value of the time required to access said 
recording area and the time required to record data on or read data from said recording area is equal to or less than 
a maximum processing time required to process said data, the area length of said recording area is determined as 
said minimum area length. (FIG.6) 

10 

3. A recording area management method for managing a file list (66) which is used to identify a file consisting of a 
series of data dusters, a data area list (67) which is a list of position information of a plurality of areas holding said 
data clusters constituting said file, a first empty area list (68) which is a list of position information of empty areas 
where no data are stored, and a second emply area list (69) which is a list of position information of empty areas ‘ 

is no! included in said first empty area list, said recording area management method comprising: 

an adjacent area judging step in which it is judged whether or not an area adjacent to an empty area exists 
among the empty areas registered in said first empty area list (68) or said second empty area list (69); 
a deleting step in which, if an area adjacent to said empty area is registered in said first empty area list (68) or 
£o said second empty area list (69). said empty area and said adjacent empty area are combined to create a new 

continuous empty area, and information concerning said adjacent area is deleted from said first empty area list 
(68) or said second empty area list (69); 

an area length comparing step in which the length of said empty area is compared with a predetermined min- 
imum area length; and 

ss a registration step in which said new continuous empty area is registered in said first empty area list (68) or 

said second empty area list (69) to accordance with the result of comparing the length of said new continuous 
empty area with said minimum area length in said area length comparing step. (FIG. 9) 

4. A recording area management method according to claim 3, wherein when a recording area as an empty area or 
ao an area constituting a tile satisfies the relation that the sum of a maximum value of the time required to access said 

recording area and the time required to record data on or read data from said recording area is equal to or less than 
a maximum processing time required to process said data, the area length of said recording area is determined as 
said minimum area length. (FIG. 6) 

35 5, A storage apparatus comprising: 

storage means for storing management information (10) comprising a fife list (66) which is used to identify a 
file consisting of a series of data clusters, a data area list (67) which is a list of position information of a plurality 
of areas holding said data clusters constituting said file, a first empty area fist (68) which is a list of position 
40 information of empty areas where no data are stored, and a second empty area list (69) which is a list of posi- 

tion information of empty areas not included in said first empty area list: 

area length comparing means for comparing the length of an empty area in said first empty area list (68) or said 
second empty area list (69) with a predetermined minimum area length; and 

registration means for registering said empty area in sad first empty area list (68) or said second empty area 
45 list (69) in accordance with toe result of the comparison performed in said area length comparing means. (FIG. 

1) 

A storage apparatus according to claim 5, wherein when a recording area as an empty area or an area constituting 
a file satisfies toe relation that the sum of a maximum value of toe time required to access said recording area and 
so the time required to record data on or read data from sad recording area is equal to or less than a maximum 
processing time required to process said data, the area length of said recording area is determined as said mini- 
mum area length. (FIG, 6) 

7. A storage apparatus according to clam 6, comprising: 

55 

measuring means for measuring the maximum value of toe time required to access said recording area as an 
empty area or an area constituting a file, and the time required to record data on or read data from said record- 
ing area: and 

storage means for storing said measured maximum value of the time required to access said recording area, 
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and said measured time required to record data on or read data from said recording area. (FIG. 1) 

8. A storage apparatus comprising: 

storage means for storing management information (10) comprising a file list (66) which is used to identity a 
file consisting of a series of data dusters, a data area list (67) which is a list of position information of a plurality 
of areas holding said data dusters constituting said file, a first empty area list (68) which is a list of position 
information of empty areas where no data are stored, and a second empty area list (69) which is a list of posi- 
tion information of empty areas not included in said first empty area list; 

area length comparing means for comparing the length of an empty area in sad first empty area list (68) or said 
second empty area list (69) with a predetermined minimum area length; 

adjacent area judging means forjudging whether an area adjacent to an empty area exists among the empty 
areas registered in said first empty area list (68) or said second empty area list (69); and 
registration means for, when it is judged by said adjacent area judging means that an adjacent empty ariea 
exists, combining said empty area with said adjacent empty area to create a new continuous empty area, delet- 
ing information concerning said adjacent empty area from said first empty area list (68) or said second empty 
area list (69), and registering said new continuous empty area in said first empty area list (68) or said second 
empty area list (69) in accordance with the result of comparing the length of said new continuous empty area 
with said minimum area length in said area length comparing means. (FIG. 1) 

9. A storage apparatus according to claim 8, wherein when a recording area as an empty area or an area constituting 
a file satisfies the relation that the sum of a maximum value of the time required to access said recording area and 
the time required to record data on or read data from said recording area is equal to or less than a maximum 
processing time required to process said data, the area length of said recording area is determined as said mini- 
mum area length. (FIG. 6) 

1 0. A storage apparatus according to claim 9, comprising: 

measuring means for measuring the maximum value of the time required to access said recording area as an 
empty area or an area constituting a file, and the time required to record data on or read data from said record- 
ing area; and 

storage means for storing said measured maximum value of the time required to access said recording area, 
and said measured lime required to record data on or read data from said recording area. (FIG. 1) 

11. An error recovery processing method conprising the steps of: 

accumulating (1 1 1 ) a plurality of record requests or read requests; 

recording (1 15) data on or reading data from a recording medium in accordance with said accumulated record 
or read requests; 

estimating (112), in the event of adata read error or record error, a remaining time available for error process- 
ing from the time required to execute said accumulated record or read requests; and 
selecting (1 1 6, 1 1 7) an error processing method according to said estimated remaining time from among a plu- 
rality of error processing methods requiring different lengths of time for error processing, and carrying out said 
selected error processing method. (FIG. 14) 

12. An error recovery processing method comprising the steps of: 

accumulating (1 1 1 ) a plurality of record requests or read requests; 

recording (115) data on or reading data from a recording medium in accordance with said accumulated record 
or read requests; 

estimating (112), in the event of a data read error or record error, a remaining time available for error process- 
ing from the time required to execute said accumulated record or read requests; and 
selecting (1 16, 1 17), from among a plurality of error processing methods requiring different lengths of lime for 
error processing, all or part of said plurality of error processing methods according to said estimated remaining 
time while considering a mode of operation prespecified for each record or read request, and carrying. out said 
selected error processing method or methods. (FIG. 14) 

13. An error recovery processing method according to claim 1 1 , including an error processing method in which position 
data of an area where said error has occurred is recorded in a first defective area table (1 57), and after performing 
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a reassignment operation (156) to transfer data recorded or to be recorded in said error area to another area for 
recording therein, a check (154) is carried out to determine whether or not Ihe area whose position data has been 
recorded in said first defective area table is a nonusable area, as a result of which if it is determined that said area 
is nonusable, the position data of sard area is recorded in a second defective area table (155), but if it is determined 

5 that said area is usable, the position data of said area is deleted from said first defective area table and said area 
is thus made usable. (FIG. 19) 

14. An error recovery processing method according to claim 12, including an error processing method in which position 
data of an area where said error has occurred is recorded in a first defective area tabie (1 57), and after performing 

io a reassignment operation (156) to transfer data recorded or to be recorded in said error area to another area for 
r ecording therein, a check ( 1 54) is carried out to determin e whether or not the area whose position data has been 
recorded in said first defective area table (1 57) is a nonusable area, as a result of which if it is determined that said 
area is nonusable, the position data of said area is recorded in a second defective area tabie (155), but if it is deter- 
mined that said area is usable, the position data of said area is deleted from said first defective area table ( 157) and ' 

is said area is thus made usable thereafter. (FIG. 19) 

15. An error recovery processing method according to claim 13, wherein the remaining time available for performing 
the check to determine whether or not the area whose position data has been recorded in said first defective area 
table (157) is a nonusable area, is estimaled (151) Irom the time required to execute said record or read requests, 

20 and if said remaining time provides enough time to perform the check, said check (154) is carried out. (FIG. 19) 

16. An error recovery processing method according to dam 14, wherein the remaining time available for performing 
the check to determine whether or not the area whose position data has been recorded in said first defective area 
table (157) is a nonusable area, is estimated (151) from the time required to execute said record or read requests, 

25 and if said remaining time provides enough time to perform the check, said check (154) is carried out. (FIG. 19) 

17. A storage apparatus comprising: 

request accumulating means (1 1 1) for accumulating a plurality of record or read requests: 

so recording/reading means (115) for recording data on or reading data from a recording medium in accordance 

with the record or read requests accumulated in said request accumulating means (111); 
remaining time estimating means (112) for estimating a remaining time available for error processing from the 
time required to execute the record or read requests accumulated in said request accumulating means (111); 
and 

35 error processing carrying out means (1 1 6, 1 1 7) capable of selecti vel y carrying out an error processing method 

according to the remaining time estimated in said remaining time estimating means (1 12) from among a plu- 
rality of error processing methods requiring different lengths of time to process a read error or record error 
occurring in said recording/reading means (115), (FIG. 14) 

40 18. A storage apparatus comprising: 

request accumulating means (1 1 1) for accumulating a plurality of record requests or read requests; 
recording/reading means (115) for recording data on or reading data from a recording medium in accordance 
with the record or read requests accumulated in said request accumulating means (111); 

45 remaining time estimating means {1 12) for estimating a remaining time available for error processing from the 

time required to execute the record or read requests accumulated in said request accumulating means (111); 
error processing carrying out means (f 17) capable of selectively carrying out a plurality of error processing 
i methods requiring different lengths of time to process a read error or record error occurring in said record- 

ing/reacfing means; and 

so error processing method selection means (116) for selecting an error processing method for each record 

request or read request according to the remaining time estimated in said remaining time estimating means 
(1 1 2) from among sad plurality of error processing methods capable of being carried out by said error process- 
ing carrying out means. (FIG. 14) 

55 19. A storage apparatus according to claim 17, further comprising: defective area recording means having a first defec- 
tive area table (1 57) and second defective area tabl e (1 55) for recording position data of defective areas ; and defec- 
tive area discriminating means (154). and wherein: 

position data oi an area where an error has occurred in recording or reading is recorded in said first defective 
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area table (157), and after performing a reassignment operation to transfer data recorded or to be recorded in 
said error area to another area for recording therein, a check is carried out by said defective area discriminating 
means (154) to determine whether or not the area whose position data has been recorded in said first defective 
area table (157) is a nonusable area, as a result of which if it is determined that said area is nonusable, the 
position date of said area is recorded in said second defective area table (155), but if it is determined that said 
area is usable, the position date of said area is deleted from said first defective area table (1 57) and said area 
is thus made usable. (FiG. 19) 



20. A storage apparatus according to claim 1 8, further comprising: defective area recording means having a first defec- 
tive area table (157) and second defective area table (1 55) for recording position data of defective areas; and defec- 
tive area discriminating means (154), and wherein: 

position date of an area where an error has occurred in recording or reading is recorded in said first defective 
area table (157), and after performing a reassignment operation to transfer data recorded or to be recorded in 
said error area to another area for recording therein, a check is carried out by said defective area discriminating 
means (154) to determine whether or notthe area whose position data has been recorded in said first defective 
area table (157) is a nonusable area, as a result of which if it is determined that said area is nonusable, the 
position date of said area is recorded in said second defective area table (155), but if it is determined that said 
area is usable, the position data of said area is deleied from sad first defective area table (157) and said area 
is thus made usabie. (FIG. 19) 

21. A storage apparatus according to clam 19, wherein, on the basis of fhe time required to execute said record or read 
requests, said remaining time estimating means (151) estimates the remaining time available for performing the 
check to determine whether or not the area whose position data has been recorded in said first defective area tab! e 
(1 57) is a nonusable area, and if said remaining time provides enough time to perform the check, said check is car- 
ried out. (FIG. 14) 

22. A storage apparatus according to claim 20. wherein, on the basis of tee time required to execute said record or read 
requests, said remaining time estimating means (151) estimates the remaining time available for performing the 
check to determine wheiher or not the area whose position date has been recorded in said first defective area table 
(157) is a nonusable area, and if said remaining time provides enough time to perform the check, said check is car- 
ried out. (FIG. 19) 
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